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ABSTRACT 


Close-in  air  blast  from  the  Sedan  event  was  considerably 
greater  than  expected  on  the  basis  of  previous  measurements  of  blast 
from  nuclear  events  in  basalt  and  from  HE  events  in  both  basalt  and 
alluvium.  In  spite  of  overranging  of  the  pressure  gages,  the  measure¬ 
ments  permit  derivation  of  a  lower  limit  of  peak  overpressure  and  an 
upper  limit  on  the  amount  of  blast  suppression  resulting  from  charge 
burial.  Comparison  of  Sedan  blast  suppression  with  that  of  previous 
buried  HE  and  nuclear  shots  shows  that  Sedan  blast  suppression  was 
considerably  less  than  would  have  been  predicted  from  HE  shots  at 
comparable  burst  depths.  Sedan  peak  overpressures  were  two  to  three 
times  those  of  Stagecoach  III  at  approximately  the  same  cube-root 
sealed  burial  depth  and  four  times  those  of  Scooter  or  Buckboard  12 
(at  or  near  the  burial  depth  for  maximum  crater).  The  scaled  total 
positive-phase  impulse  for  Sedan  was  about  the  same  as  those  of 
Stagecoach  III,  Buckboard  12,  and  Scooter,  while  the  scaled  positive- 
phase  duration  was  much  shorter.  Blast  suppression  factors,  based 
on  peak  overpressure  and  impulse,  reflect  the  above  differences.  The 
differences  may  be  due,  in  part  at  least,  to  a  higher  pressure  in  a 
relatively  smaller  cavity  volume  at  the  time  of  venting  for  Sedan 
than  for  the  HE  shots . 
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CLOSE-IN  AIR  BLAST  FROM  A  NUCLEAR  EVENT  IN  NTS  DESERT  ALLUVIUM 

CHAPTER  1 

INTRODUCTION 


1.1  Objective 

The  air-blast  measurement  program  had  as  its  objective  the 
determination  of  the  overpressure  time-distance  relationship  at 
ground  level  along  a  single  blast  line.  The  purpose  of  the  measure¬ 
ments  was  to  determine  the  extent  of  close-in  blast  suppression  and 
to  compare  this  suppression  with  those  of  other  subsurface  detona¬ 
tions.  The  experiment  extends  blast  observations  from  a  1/2  kiloton 
high-explosive  (HE)  charge  (Project  Scooter)1  to  a  nuclear  charge  in 
alluvium  with  a  yield  of  100  kilotons .  That  is,  Sedan  was  200  times 
larger  than  any  previous  detonation  at  a  comparable  burial  depth. 

Data  from  this  experiment  yield  some  knowledge  on  the  differences  in 
blast  suppression  between  Sedan  and  the  smaller  shots  but  they  do  not 
indicate  conclusively  to  what  extent  these  differences  should  be 
attributed  to  differences  in  the  type  of  explosive  (nuclear  or 
chemical),  differences  in  the  media,  or  differences  in  the  yield. 

1.2  Background 

Table  1.1  summarizes  cratering  experiments1"8  using  charges 
larger  than  256  pounds,  both  HE  and  nuclear,  on  which  close-in  air- 
blast  measurements  have  been  made;  it  includes  charge  weight,  burst 
depth,  and  the  source  of  information  on  these  experiments.  Table  1.2 
summarizes  experiments  with  256-pound  charges.  The  conclusions  from 
these  earlier  experiments  were  that: 

a.  Differences  in  peak  overpressures  of  the  close-in  air 
blast  emanating  from  HE  charges  buried  in  different 
media  are  small  if  they  exist  at  all6 .  This  con¬ 
clusion  was  based  on  a  comparison  of  blast  from 


Stagecoach  and  Buckboard  charges  of  equal  yield  in 
alluvium  and  basalt,  respectively.  The  peak  wave  in 
both  cases  was  that  attributable  to  the  venting  gases. 

The  initial  ground-shock-induced  peak  was  considerably 
less  than  the  main  peak  and  was  slightly  lower  in 
alluvium  than  in  basalt.  Some  media  differences,  how¬ 
ever,  were  noted  for  256-pound  charges  at  the  deeper 
burst  depths.8 

b.  There  were  no  detectible  departures  from  cube-root 
scaling  of  blast  phenomena . B* 6 

Table  1.1  makes  it  clear  that,  based  on  cube-root  scaling  of 
burst  depth,  the  best  comparisons  for  Sedan  are  the  Stageco'ach  III 

l/3  4 

HE  shot  and  the  Danny  Boy  nuclear  event.*  If  W  *  scaling  is  used, 
the  comparisons  should  be  with  Scooter  and  Danny  Boy;  Sedan  falls 
nearly  midway  between  Buckboard  12  and  13.  On  the  basis  of  over¬ 
burden  scaling,  the  best  comparison  is  with  Stagecoach  I,  Buckboard 
13,  and  Scooter.  Based  on  overburden  scaling  and  density  considera¬ 
tions,  the  best  comparisons  are  with  Buckboard  13,  Stagecoach  I,  and 
Danny  Boy.  There  has  yet  been  no  experimental  evidence  of  departures 
from  cube-root  scaling  of  air  blast  from  subsurface  bursts.  Hence, 
only  cube-root  scaling  will  be  considered  in  this  paper. 

In  view  of  scaling  uncertainties,  greater  emphasis  is  given 
here  to  the  comparison  with  Scooter,  since  one  may  not  wish  to  base 
the  comparison  on  the  same  scaled  burst  depth  but  rather  on  the  fact 
that  charges  were  at  or  very  near  the  optimum  burial  depth,  as  both 
Scooter  and  Sedan  presumably  were.  This  choice  avoids  the  dilemma 
which  arises  from  the  fact  that  crater  dimensions,  including  burial 
depth,  scale  as  a  power  of  yield  or  charge  weight  smaller  than  one- 
third,  whereas  no  departures  from  cube-root  scaling  have  been 
observed  for  ait  blast. 


*Since  the  crater  dimensions  of  subsurface  bursts  scale  as  a 
power  of  yield  smaller  than  1/3,  one  may  wish  to  make  a  comparison 
for  air  blast  on  the  basis  of  other  than  cube-root  scaling. 
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TABLE  1.2 


Shot 

Date 

Charge 

Weight 

Medium 

HWI 

Reference 

101 

6/28/52 

256 

Utah  dry  c 

lay 

1 

9 

102A 

7/6/52 

1 

104 

7/13/52 

-.13 

105 

7/17/52 

1 

106 

7/19/52 

.26 

107 

8/20/52 

0 

202 

9/14/52 

256 

NTS  alluvium 

1 

203 

9/19/52 

.5 

204 

10/4/52 

.26 

205 

10/8/52 

.13 

206 

10/11/52 

0 

207 

10/15/52 

-.13 

212 

10/24/52 

1.0 

301 

9/15/53 

256 

California  wet  sand 

0.5 

302 

9/18/53 

0.5 

304 

9/23/53 

0.75 

305 

9/26/53 

0.26 

306 

10/8/53 

0.13 

307 

10/10/53 

0 

308 

10/13/53 

-.13 

311 

10/20/53 

256 

California  Moist  Clay 

0.5 

313 

10/24/53 

1 

-0.13 

401 

10/23/53 

256 

NTS  alluv 

ium 

0.5 

402 

10/26/53 

0.75 

403 

10/28/53 

0.13 

404 

10/30/53 

1.0 

405 

11/2/53 

0.26 

406 

11/4/53 

0.5 

Sandia  I 

1/20/59 

256 

NTS  alluv 

lum 

1 

10 

1/21/59 

1 

1/23/59 

1.5 

1/23/59 

2 

1/24/59 

2.5 

1/26/59 

2.5 

1/27/59 

3.0 
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A  typical  blast  waveform  resulting  from  buried  chemical 
explosions  is  shown  in  Figure  1.1a.  Project  Danny  Boy  held  surprises11 
in  that  the  air-blast  waveform  was  of  the  type  shown  in  Figure  1.1b. 

For  HE,  the  initial  or  ground -shock- induced  peak  was  slightly  higher 
in  basalt  (Buckboard  12)  than  in  alluvium  at  the  same  cube-root- 
scaled  depth  (Scooter)  (Figure  1.2).  This  is  as  one  would  expect  from 
the  differences  in  sonic  velocity  in  the  two  media.  However,  the 
ground- shock-induced  pulse  was  higher  for  Stagecoach  III  than  for 
Buckboard  12  because  of  the  shallower  burial  of  the  Stagecoach  shot. 
The  gas-venting  pulse,  however,  was  not  greatly  different  between  HE 
shots  at  equal  scaled  burial  depths  in  the  two  media .  The  principal 
difference  was  that  the  shock  gas-venting  wave  from  the  shot  in  .allu¬ 
vium  decayed  with  distance  more  rapidly  than  that  from  the  shot  in 
basalt . 


(a)  HIGH -EXPLOSIVE  DETONATION 


(  b)  OANNY  BOY  DETONATION 


Figure  1.1 


SCALED  GROUND  RANGE  (ft/lb 
Figure  1.2 


Figure  1.3  shows  pressure-distance  curves  for  the  first  and 
second  peaks  from  Buckboard  12  and  Scooter,  together  with  the  ob¬ 
served  data  from  Project  Danny  Boy.  The  major  surprise  from  Project 
Danny  Boy  was  that  the  second  peak  was  far  smaller  than  the  first 
peak,  quite  the  opposite  from  the  HE  shot.  This  difference  may  be 
attributable  to  the  lower  gas  pressure  of  a  nuclear  shot  in  a  rela¬ 
tively  dry  medium.  In  view  of  the  uncertainties  in  scaling  burst 
depth,  there  was  not  sufficient  difference  between  the  first  peaks 
observed  in  the  Buckboard  12  basalt  and  Scooter  alluvium  shots  and 
those  of  the  Danny  Boy  shot,  to  say  that  there  is  an  appreciable 
difference  in  the  first  peaks  of  HE  and  nuclear  shots.  It  can  be 
said,  however,  that  the  major  difference  between  an  HE  and  a  nuclear 
shot  in  basalt  is  the  almost  complete  absence  of  the  gas-venting 
pulse  (second  peak)  for  the  nuclear  shot.  This  was  the  background 
within  which  ranges  of  expected  peak  overpressures  were  set  for  the 
Sedan  event . 


F igure  1 . 3 


Figure  1.4  shows  pressure-distance  lines  representing  first 
and  second  peaks  in  the  Scooter  and  Buckboard  shots ,  together  with 
the  anticipated  peak  overpressure  for  the  Sedan  event.  Expected 
overpressures  for  Sedan  were  originally  based  on  the  results  of 
Scooter  air-blast  measurements.  When  the  results  of  Danny  Boy 
became  available,  the  expected  overpressure  estimates  were  revised 
downward  (as  shown  in  the  figure)  to  agree  with  the  first  peaks  of 
both  Scooter  and  Danny  Boy.  Since  the  lower  second  peak  of  Danny 
Boy  was  attributable  to  the  low  moisture  content  (~0.5  percent)  of 
the  medium,  a  larger  second  peak  could  be  anticipated  from  Sedan, 
where  the  medium  had  a  moisture  content  estimated  at  5  percent.  It 
was  not  expected,  however,  that  this  difference  would  raise  the 
second  peak  to  much  more  than  the  amplitude  of  the  first  (ground- 
shock-induced)  peak. 


Figure  1.4 


1.3  Instrumentation 


Measurements  were  made  with  Ballistic  Research  Laboratory 
self-recording  pressure  gages:  In  these  gages,  a  battery-operated 
motor  drives  a  turntable  carrying  either  an  aluminized  glass  disc  or 
a  stainless-steel  disc.  A  pressure-sensitive  diaphragm,  connected  to 
a  scribe,  permits  the  pressure  record  to  be  inscribed  on  the  disc  as 
the  turntable  rotates.  The  gage  motor  is  started  by  a  timing  signal 
at  minus  1  second.  Standard  pressure-time  gages  (PT's)  were  used  at 
Stations  1  through  6  and  very  low  pressure  gages  (VLP's)  at  Stations 
7  through  9 . 

Gages  were  located  along  the  150-degree  radius  at  the  following 
radial  distances: 

Station  1  2  3  4  5  6  7  8  9 

Distance  1000  1260  1670  2200  2960  3970  5290  7050  15,500 

(ft) 
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CHAPTER  2 


TEST  RESULTS 


2 . 1  Summary  of  Results 

Table  2.1  summarizes  the  results  of  the  pressure  measurements. 
No  records  were  recovered  from  Stations  1  through  4,  and  the  gage  at 
Station  6  was  overranged  and  damaged.  Peak  pressures  only  were  ob¬ 
tained  at  Station  8,  because  the  gage  turntable  did  not  operate. 
Pressure  records  of  those  gages  which  did  operate  are  shown  in 
Figure  2.1.  In  the  figure,  time  is  shown  from  the  arrival  of  the 
pressure  signal;  arrival-time  data  were  not  obtained  because  no  zero¬ 
time  fiducial  was  inscribed  on  the  records.  Venting  occurred  at  3.2 
seconds,  and  the  source  of  the  air  blast  at  the  edge  of  the  crater 
(611  feet)  may  be  presumed  at  that  time. 

2.2  Peak  Overpressure 

At  most  of  the  stations  the  gages  were  overranged.  At 
Station  5  the  scribe  struck  the  edge  of  the  turntable,  producing  a 
flat  section  during  the  early  portion  of  the  wave.  Peak  overpressure 
was  obtained  by  extrapolating  back  to  shock  arrival  from  that  portion 
of  the  curve  which  occurred  at  a  later  time  and  was  not  distorted. 
There  is  a  range  of  uncertainty  in  the  extrapolation  which  has  been 
indicated  in  both  Table  2.1  and  the  subsequent  evaluation  of  the 
data.  Peak  overpressure  versus  scaled  distance,  compared  with 
Stagecoach  III,  Buckboard  12,  and  Scooter  are  shown  in  Figure  2.2. 

No  explanation  is  offered  for  the  late  spike  which  occurs  on 
the  records  from  Stations  5  and  7.  Figure  2.1  makes  clear  that  the 
waveforms  were  different  from  those  of  Figure  1.1,  were  indeed  more 
like  those  from  above-ground  shots  than  from  buried  ones . 
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2.3  Positive  Phase 


In  Figure  2.3,  the  scaled  duration  of  the  positive  phase  is 
shown  as  a  function  of  scaled  ground  range.  It  is  compared  with 
Scooter  and  Stagecoach  III  values. 

Figure  2.4  shows  the  scaled  positive-phase  impulse  as  a 
function  of  scaled  distance,  again  compared  with  Stagecoach  III  and 
Scooter  values. 
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CHAPTER  3 


DISCUSSION 

3.1  Peak  Overpressure 

Peak  overpressures  were  two  to  three  times  those  of  Stagecoach 
III  at  the  same  scaled  distance,  four  or  more  times  larger  than 
would  have  been  expected  from  Buckboard  and  Scooter  results,  and 
about  ten  times  larger  than  would  have  been  predicted  by  simple  cube- 
root  scaling  of  Danny  Boy  pressures.  (This  latter  disparity  comes 
from  the  fact  that  Sedan  second  peaks  are  compared  with  Danny  Boy 
first  peaks.)  The  value  obtained  at  the  most  distant  station  is  not 
credible  and  is  discounted  here,  in  spite  of  the  fact  that  it  agrees 
most  nearly  with  the  expected  pressures . 

3.2  Positive-Phase  Impulse 

The  scaled  values  for  the  positive-phase  impulse  are  about  the 
same  (Figure  2.4)  as  the  total  positive  phase  for  Stagecoach  III  and 
Scooter.  The  total  positive  phase  for  Stagecoach  III  and  Scooter 
includes  the  ground-shock-induced  wave  as  well  as  the  gas-venting 
wave.  Sedan  values  are  in  effect  slightly  larger  scalewise  than 
those  of  the  HE  shots  since  ground-shock-induced  impulse  is  included 
for  Stagecoach  III  and  Scooter  but  not  for  Sedan. 

3 . 3  Positive-Phase  Duration 

Sedan  durations  were  shorter  (Figure  2.3)  than  those  of  the 
Scooter  main  (gas-pressure)  wave  by  2  to  2-1/2  times,  and  shorter 
than  the  Scooter  total  positive-phase  duration  by  nearly  a  factor 
of  10.  They  were  one-fifth  the  Stagecoach  III  total  positive-phase 
duration . 


3.4  Wave  Shape 


Except  as  noted  below,  the  waveforms  of  the  Sedan  pressure 
waves  are  more  like  those  of  surface  or  very  shallow  bursts  than 
those  of  comparable  buried  charges.  There  was  no  indication  of  a 
ground-shock-induced  wave  at  any  station,  and  this  was  unexpected. 

Since  ground -shock- induced  overpressures  are  proportional  to  surface 
peak  velocities,  and  the  latter  are  related  to  burial  depth,  the 
first  peaks  of  Sedan  should  have  been  about  the  same  as  those  of 
Stagecoach  III  at  comparable  scaled  distances  (that  is  about  one- 
tenth  the  amplitude  of  the  Sedan  second-peak  overpressure)  and  should 
therefore  have  been  easily  discernible  on  the  records. 

The  records  from  2960  feet  and  5290  feet  (Stations  5  and  7, 
respectively)  show  a  spike  occurring  at  later  times .  The  spike 
occurs  so  late  that  it  is  not  easily  attributable  to  a  venting  of 
gases  after  the  main  venting. 

The  record  from  the  gage  at  Station  5  was  saturated  for  about 
the  first  250  usee,  but  the  decay  of  the  balance  of  the  record  permits 
an  approximation  of  the  peak  pressure  by  extrapolating  back  to  the 
arrival  time.  Ordinarily  the  ratio  pt+/l+  is  greater  than  2,  reflect¬ 
ing  the  decay  of  the  wave  in  a  concave  upward  slope.  However,  the 
values  obtained  at  both  the  2960-  and  5290-foot  stations  show 
pt+/l+  «  2,  which. is  in  effect  a  triangular  wave. 

From  consideration  of  Figures  2.2  to  2.4,  the  differences 
between  Sedan  and  both  the  Stagecoach  III  and  Scooter  waves  emerge. 
The  differences  between  Sedan  and  Scooter  are  even  more  apparent 
when  compared  in  Figure  3.1.  Although  the  two  waves  have  been  super¬ 
imposed  in  the  figure,  it  should  be  borne  in  mind  that  absolute  time 
is  unknown  for  the  Sedan  wave.  One  can  deduce  not  only  that  the 
higher  gas  pressures  of  the  nuclear  event  caused  the  higher  pressure 
peaks  for  Sedan,  but  that  smaller  volumes  of  gas  and  more  rapid 
venting  through  a  relatively  larger  vent  caused  the  shorter  durations 
of  Sedan.  That  the  scaled  impulses  were  nearly  the  same  suggests 
that  the  amount  of  gas  produced  was  nearly  equal  scalewise  for  the 
HE  and  nuclear  detonations.  The  shorter  durations  may  also  be  due 
to  the  rapid  condensation  of  superheated  steam  behind  the  shock 
front . 


3.5  Blast  Suppression  by  Charge  Burial 

Blast  suppression  may  be  defined  as  the  factor  by  which  the 
peak  overpressure  is  reduced  by  charge  burial  below  some  reference 
pressure.  The  reference  pressure  may  be  taken  from  any  of  several 
curves:  the  ones  chosen  here  are  (a)  the  Kirkwood-Brinkley12  free- 
air  curves  for  cast  TNT,  (b)  the  IBM  Problem  M  for  nuclear  bursts,13 
and  (c)  measured  values  of  peak  overpressures  from  surface  bursts 
(predominantly  HE).5  In  the  case  of  measured  overpressures  at  the 
greater  ranges  where  fractional-psi  pressures  are  involved,  meteor¬ 
ological  effects  enter  into  consideration  and  give  results  which 
should  not  be  expected  to  agree  with  calculations  for  an  infinite 
homogeneous  atmosphere.  Figures  3.2  to  3.4  show  the  blast  suppression 
relative  to  (a),  (b) ,  and  (c),  respectively,  for  buried  nuclear  and 
large  HE  explosions.  Data  points  for  Project  Sedan  have  been  added 
to  the  figures.  From  these  data  points,  it  is  clear  that  Sedan  peak 
pressures  were  suppressed  less  than  would  have  been  expected  for  the 
Sedan  burial  depth.  In  other  words,  the  peak  overpressures  are  those 
which  would  have  been  expected  from  the  same  yield  at  a  shallower 
burial  depth. 

The  possibility  exists  that  this  observation  results  from 
improper  scaling  of  ground  range.  A  comparison  of  Sedan  and  Scooter 
peak  overpressures  shows  that  this  is  not  the  case.  If  ground  range 
is  proportional  to  Wn,  n  must  be  greater  than  one-half  to  bring  the 
values  into  agreement--a  scaling  which  is  without  physical 
justification . 

Figures  3.2  to  3.4  distinguish  between  the  suppression  of  the 
ground -shock- induced  air  blast  and  the  gas-venting  air  blast.  The 
former  disappears  for  the  shots  at  the  shallower  burst  depths  because 
it  is  overtaken  by  the  latter  at  all  except  very  close  ranges.  In 
all  cases,  except  for  the  Buckboard  13  ground-shock-induced  air  blast, 
the  blast  suppression  factor  decreases  with  increased  scaled  ground 
range.  The  only  nuclear  shot  other  than  Sedan  for  which  blast  sup¬ 
pression  can  be  compared  is  Teapot  ESS,  which  also  shows  a  smaller 
blast  suppression  factor  than  the  corresponding  HE  charge.  Like 
Sedan,  it  also  appears  to  have  originated  at  a  comparatively  shallower 
scaled  burst  depth. 
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Figure  3.4 


Figure  3.4  discloses  that  over  the  ground  ranges  between 

.  l/  3 

2  and  30  ft/ lb  the  blast  suppression  factors  for  HE  second  peaks 
are  proportional  to  a  constant  power  of  the  burst  depth  (see  Figure 
3.5  for  an  example).  This  observation,  taken  at  several  ground  ranges, 
permits  derivation  of  the  approximation: 


f  = 


412 


+  6.4 


dob 


2-65 


U/S'y-- 

l/3 

where  f  is  the  blast  suppression  factor,  r/W  is  the  scaled  ground 
range  in  ft/lb  ^  ,  and  dob  is  the  scaled  burst  depth  in  ft/lb1'3. 


Data  are  insufficient  to  derive  a  similar  expression  for 
nuclear  shots,  but  Teapot  ESS  and  Sedan  suggest  that  a  similar  ex¬ 
pression  for  nuclear  detonations  would  have  the  form: 


dob1 J 75  (see  Figure  3.5). 


When  peak  overpressure  blast  suppression  factors  for  the  first 
(ground-shock- induced)  peak  were  compared,  there  was  a  relationship 
with  burst  depth  over  a  certain  range  of  scaled  ground  range  but 
not  at  others  (Figure  3.6).  Also,  no  consistent  relationship  with 
ground  range  could  be  derived.  (Since  Sedan  had  no  first  peak,  it 
is  not  represented  in  Figure  3.6). 


The  blast  suppression  factors  of  Figures  3.2  to  3.4  have 
assumed  that  air  blast  from  HE  is  the  same  as  that  from  nuclear  ex¬ 
plosives.  For  comparable  bursts  above  ground,  it  has  been  observed 
that  the  air  blast  from  1  kiloton  of  nuclear  explosives  (radiochemical 
yield)  is  equivalent  to  that  from  1/2  kiloton  of  HE.  No  comparable 
observation  has  been  made  for  below-surf ace  bursts,  nor  is  there 
adequate  data  to  do  so.  Let  such  a  relationship  as  is  observed 
between  blast  from  HE  and  nuclear  explosives  for  above-surface  bursts 
be  assumed  for  buried  explosions.  Then,  when  comparing  with  IBM-M 
curves,  the  values  for  nuclear  charges  bear  the  same  relationship  to 
the  IBM  curves  as  they  did  in  Figure  3.3.  The  HE  values  of  blast 
suppression,  however,  shift  upward  (see  Figure  3.7).  The  net  effect, 
illustrated  in  Figure  3.8,  is  a  shifting  upward  of  blast  suppression 
factors  for  HE  relative  to  those  for  nuclear  explosives.  There  is  a 


greater  spread  between  the  suppression  factors  for  the  two  types, 
and  the  rate  of  suppression  of  blast  for  HE  is  essentially  twice  that 
for  the  two  nuclear  explosions.  Thus,  for  nuclear  explosions  the 
preceding  equation  may  become 


dob 


1.45 


where  the  radiochemical  yield  is  used,  and  suppression  is  the  ratio 
of  IBM-M  overpressures  to  those  observed  for  the  nuclear  explosions. 

When  impulse  blast  suppression  factors  (the  ratio  of  the 
positive-phase  impulse  for  a  surface  burst  to  the  positive-phase 
impulse  observed  for  the  subsurface  burst)  are  considered,  the 
results  are  as  shown  in  Figures  3.9  through  3.11.  There  is  no  single 
uniform  relationship  with  burst  depth  or  with  ground  range,  as  in  the 
case  of  the  blast  suppression  factors  for  peak  overpressure  (Figure 
3.12).  In  fact,  there  is  an  abrupt  change  in  suppression  with  burst 
depth  at  scaled  depths  deeper  than  Scooter  and  Buckboard  12,  for 
which  the  total  positive-phase  impulse  includes  both  the  gas-venting 
pulse  and  the  ground-shock-induced  pulse.  This  suggests  a  difference 
in  venting,  and  hence  in  crater  mechanism,  between  the  rising  and 
falling  portions  of  the  crater  depth -of -burst  curve. 

One  may  speculate  that  for  shallower  burst  depths ,  the  gas¬ 
venting  impulse  declines  in  importance  with  burial  depth- -declines 
from  being  the  sole  source  for  a  surface  burst  to  contributing  nothing 
at  containment.  The  gound-shock-induced  impulse  thus  becomes  rela¬ 
tively  more  important  with  burial  depth,  since  it  becomes  the  only 
source  for  a  contained  burst. 


The  most  interesting  point  to  be  made  from  Figures  3.2  through 
3.5  and  Figures  3.9  through  3.11  is  that  whereas  the  impulse  sup¬ 
pression  values  for  Sedan  agree  with  those  for  Scooter,  Buckboard  12, 
and  Stagecoach  III  HE  explosions,  the  overpressure  suppression  factors 
are  much  lower,  making  the  overpressure  appear  to  arise  from  a  larger 
yield  or  a  shallower  burst.  By  contrast,  the  scaled  impulse  for 
Danny  Boy  was  nearly  40  times  smaller  than  that  of  HE  explosions  at 
comparable  scaled  burst  depths,  while  the  overpressure  (first  peak 
only)  was  comparable  to  that  from  the  other  explosions. 


Comparison  of  the  Sedan  blast  wave  with  those  of  HE  explosions 
at  comparable  burial  depths  suggests  that  the  Sedan  gases  were  con¬ 
fined  in  a  relatively  smaller  cavity  at  higher  pressures  at  the  time 
of  venting  and  that,  as  a  consequence,  they  vented  more  rapidly  once 
the  mound  ruptured.  This  is  borne  out  by  calculations.  Knox14  reports 
the  initial  conditions  for  Scooter  and  Sedan  determined  by  the  SOC 
(underground  nuclear  explosion  effects)  code  to  be: 

Scooter  Sedan 

Cavity  Pressure  77  bars  147.2  bars  (302  bars) 

Cavity  Radius  42  feet  175  feet 

Knox  found  that  achieving  agreement  with  observed  surface  motion 

required  a  cavity  pressure  of  302  bars.  It  is  interesting  that  the 

302 

ratio  of  Sedan  to  Scooter  cavity  pressures,  -yy-ss4,  is  about  the  same 
as  the  ratio  of  the  observed  peak  overpressures.  It  may  also  be 
observed  that  the  ratio  of  Sedan  scaled  cavity  volume  to  that  of 
Scooter*  (0.362)  is  about  the  same  as  the  ratio  of  the  scaled  positive 
phase  durations  of  their  gas-venting  pulses  (0.33  to  0.5)  (see 
Figure  3.1). 

The  approximate  equality  of  scaled  impulses  for  Scooter, 
Stagecoach  III,  and  Sedan  suggests  that,  relative  to  the  yields,  the 
quantity  of  air-blast  energy  available  with  HE  is  about  the  same  as 
that  available  from  a  nuclear  explosion  in  a  soil  with  the  moisture 
content  of  Sedan  alluvium.  This  observation,  together  with  the 
preceding  one  concerning  the  relatively  smaller  cavity  and  higher 
venting  pressure  of  a  nuclear  burst,  indicates  either  (1)  a  mecha¬ 
nistic  difference  between  nuclear  and  HE  explosions  or  (2)  a  change 
with  size  of  charge  which  gives  rise  to  a  wave  with  a  higher  peak 
and  shorter  duration.  In  either  case,  higher  peak  pressures  than 
those  predicted  by  HE  explosions  may  be  expected  for  nuclear  ex¬ 
plosions  in  desert  alluvium. 

3 . 6  Inferred  Yield  of  Sedan 

From  the  preceding  information,  an  apparent  yield  can  be 
deduced  for  Sedan,  albeit  with  considerable  skepticism. 


*For  the  purpose  here,  cavity  volumes  may  be  calculated  as 
spheres,  since  departures  from  sphericity  are  assumed  to  be  similar 
in  the  two  cases. 


Figures  3.11  and  3.12  showed  that  the  sealed  positive-phase 
impulse  of  Sedan  agrees  well  with  those  of  Stagecoach  III  and  Scooter 
This  would  indicate  that  the  yield  was  about  -as  stated,  if  one 
assumes  no  difference  in  the  impulse  of  nuclear  and  HE  shots. 

Figure  3.8  (based  on  IBM-M)  shows  that  the  peak  overpressure 
from  nuclear  shots  is  suppressed  less  by  burial  than  that  from  HE 
shots .  This  is  true  only  if  the  yield  of  Sedan  is  100  kilotons  and 

/  l/  3 

its  cube-root-scaled  burst  depth  is  1.1  ft/lb  .  What  if  the  rate 
of  suppression  is  the  same  for  HE  and  nuclear  explosives,  and  the 
Sedan  yield  is  in  error?  Then  the  Sedan  value  in  Figure  3.8  should 
lie  on  a  line  through  Teapot  ESS  and  parallel  to  the  HE  data.  Sedan 

1  /  3 

would  then  have  an  apparent  scaled  burst  depth  of  0.75  ft/ lb 
Only  a  300-kt  device  buried  at  635  feet  would  have  such  a  scaled 
burst  depth.  If  a  similar  comparison  is  based  on  Figure  3.5  rather 
than  Figure  3.8,  a  scaled  burial  depth  of  0.84  ft/lb  '  and  hence 
a  yield  of  215  kilotons  is  indicated. 

If  one  returns  to  Figure  3.12  and  again  assumes  that  the  rate 
of  suppression  is  the  same  for  HE  and  nuclear  explosives  and  that 
the  Sedan  yield  is  in  error,  a  line  through  the  Teapot  ESS  datum 

l/3 

indicates  a  scaled  burst  depth  of  0.84  ft/ lb  '  and  hence  an  apparent 
yield  of  215  kilotons.  Thus,  either  the  Sedan  yield  may  be  presumed 
correct,  in  which  case  the  rate  of  suppression  is  not  the  same  for 
HE  and  nuclear  explosives  or  the  suppression  ratios  may  be  assumed 
alike,  in  which  case  the  yield  must  be  greater  than  100  kilotons. 

The  former  is,  of  course,  the  more  reasonable. 
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CHAPTER  4 


CONCLUSIONS 


Peak  overpressures  from  Sedan  did  not  show  the  ground-shock- 
induced  pressure  pulse  (first  peak)  typical  of  cratering  explosions. 
Only  a  gas-venting  pulse  (second  peak)  was  observed. 

Peak  overpressures  measured  on  Sedan  were  about  two  to  three 
times  those  of  Stagecoach  III,  four  times  the  values  which  would 
have  been  predicted  by  the  second  peaks  of  Scooter  or  Buckboard  12, 
and  ten  or  more  times  the  first  peaks  of  Scooter,  Buckboard  12,  and 
Danny  Boy. 

The  scaled  duration  of  the  positive  phase  of  the  Sedan  shock 
wave  was  less  than  one-half  the  scaled  duration  of  the  Scooter  gas¬ 
venting  pulse,  almost  one-tenth  the  scaled  duration  of  the  entire 
positive  phase  of  the  Scooter  blast  wave,  and  about  one-fifth  that 
of  Stagecoach  III. 

The  scaled  impulse  of  the  total  positive  phase  of  the  Sedan 
blast  wave  is  about  equal  to  those  of  Stagecoach  III  and  Scooter, 
indicating  that  the  gas  pressure  produced  by  a  nuclear  charge  in 
alluvium  with  the  moisture  content  of  the  Sedan  alluvium  is  about 
the  same  as  that  produced  by  HE. 

The  suppression  of  peak  overpressure  for  Sedan  was  considerably 
less  than  would  have  been  expected  for  its  burial  depth;  similarly, 
the  peak  overpressures  appear  as  those  which  would  be  expected  from 
the  same  yield  at  a  shallower  burial  depth.  A  blast  suppression 
factor  (ratio  of  peak  overpressure  of  an  equivalent  surface  burst 


to  peak  overpressure  observed  for  a  buried  charge)  for  other  HE 
explosions  can  be  approximated  by: 


f  = 


412 

TW 


Kr/W1'3)1*4 


+  6.4 


dob 


2  6  5 


where  r/W1//3  is  the  scaled  ground  range  in  ft/lb1  and  dob  is  the 

#1/3 

scaled  burial  depth  in  ft/ lb  .  For  nuclear  explosions  the  above 
expression  may  be  expected  to  have  the  form. 


f  = 


dob1 


.  7  5 


In  spite  of  the  lack  of  agreement  of  Sedan  peak  overpressure 
suppression  factors  with  those  of  HE  events  at  comparable  scaled 
burst  depths,  there  is  quite  good  agreement  for  impulse  suppression 
factors.  There  is  a  change  in  rate  of  impulse  suppression  with 
scaled  burial  depth  at  about  the  peak  of  the  crater  depth-of -burst 
curves  which  suggests  a  difference  in  crater  mechanism .between  the 
rising  and  falling  portion  of  the  depth-of -burst  curves. 


Peak  overpressure  appears  to  be  related  to  cavity  pressure, 
at  the  time  venting  occurs,  and  positive-phase  duration  appears  to 
be  related  to  cavity  volume  at  the  same  time. 


REFERENCES 


1.  Perret,  W.  R.  ,  et  al.,  Project  Scooter  Final  Report,  SC-4602(RR), 
Sandia  Corporation,  October  1963. 

2.  Doll,  E.  B.,  and  Salmon,  V.  ,  Scaled  HE  Tests--Operation  Jangle. 
WT-377,  Final  Report  on  Project  1(9)-1,  Menlo  Park,  April  1952. 

3.  Bishop,  J.  A.,  and  Lowance,  F.  E. ,  Cratering  Phenomena .  Operation 
Jangle .  WT-373,  May  1952.  . 

4.  Lewis,  J.  G. ,  Crater  Measurements.  WT-1105.  Armed  Forces  Special 
Weapons  Project,  July  18,  1958. 

5.  Vortman,  L.  J. ,  et  al.,  20-Ton  HE  Cratering  Experiment  in  Desert 
Alluvium,  Project  Stagecoach,  Final  Report,  January  1962. 

SC-459 6 (RR) . 

6.  Vortman,  L.  J. ,  et  al. ,  20-Ton  and  1/2  Ton  High  Explosive 
Cratering  Experiments  in  Basalt  Rock,  Project  Buckboard,  Final 
Report,  SC-4675(RR),  Sandia  Corporation,  November  i960. 

7.  Nordyke,  Milo  D.,  and  Wray,  William  R. ,  Preliminary  Summary 
Report.  Project  Danny  Boy.  UCRL-6999 ,  July  20,  1962. 

8.  Project  Sedan,  Crater  Measurements .  Lawrence  Radiation  Laboratory, 
PNE-216P.  To  be  published. 

9.  Sachs,  D.  C.,  and  Swift,  L.  M. ,  Small  Explosion  Tests,  Project 
Mole ,  Vols .  I  and  II,  AFSWP-291,  Menlo  Park,  December  1955. 

10.  Murphey,  B.  F.,  High  Explosive  Crater  Studies:  Desert  Alluvium. 
Sandia  Corporation  Research  Report,  SC-4614(RR),  May  1961. 

11.  Vortman,  L.  J. ,  Close-in  Air  Blast  from  a  Nuclear  Detonation  in 
Basalt,  Project  Danny  Boy.  POR-1810(WT-1810)  September  15,  1962 . 

12.  Kirkwood,  J.  G. ,  and  Brinkley,  S.  R.  ,  Jr.,  Theoretical  Blast- 
Wave  Curves  for  Cast  TNT,  OSRD  5481,  NDRL  A- 341,  August  23,  1945. 

13.  Broyles,  C.  D. ,  IBM  Problem  M  Curves .  Sandia  Corporation 
Technical  Memorandum,  SCTM  268-56-51.  December  1,  1956. 

14.  Knox,  J.  B.,  and  Terhune,  R.  W. ,  Cratering  Physics  Concepts 
Derived  from  an  Analysis  of  Ground  Surfaces  Motion.  Lawrence 
Radiation  Laboratory,  Report  UOP/KA  63-18,  October  1963. 


39 


TECHNICAL  REPORTS  SCHEDULED  FOR  ISSUANCE 
BY  AGENCIES  PARTICIPATING  IN  PROJECT  SEDAN 

AEC  REPORTS 


AGENCY 

PNE  NO. 

SUBJECT  OR  TITLE 

USPHS 

200F 

Off-Site  Radiation  Safety 

USWB 

201F 

Analysis  of  Weather  and  Surface  Radiation 
Data 

SC 

202F 

Long  Range  Blast  Propagation 

REECO 

203F 

On-Site  Rad-Safe 

AEC/USBM 

204F 

Structural  Survey  of  Private  Mining  Opera¬ 
tions 

FAA 

205F 

Airspace  Closure 

SC 

2 1  IF 

Close-In  Air  Blast  From  a  Nuclear  Event  in 
NTS  Desert  Alluvium 

LRL-N 

2 12P 

Scientific  Photo 

LRL 

2 14P 

Fallout  Studies 

LRL 

2  I5F 

Structure  Response 

LRL 

2 16P 

Crater  Measurements 

Boeing 

2 17P 

Ejecta  Studies 

LRL 

2 18P 

Radioactive  Pellets 

USGS 

219F 

Hydrologic  Effects,  Distance  Coefficients 

USGS 

22  IP 

Infiltration  Rates  Pre  and  Post  Shot 

UCLA 

224P 

Influences  of  a  Cratering  Device  on  Close-In 
Populations  of  Lizards 

UCLA 

225P 

Pt.  I  and  II 

Fallout  Characteristics 

ko 


TECHNICAL  REPORTS  SCHEDULED  FOR  ISSUANCE 
v  BY  AGENCIES  PARTICIPATING  IN  PROJECT  SEDAN 


AGENCY 

PNE  NO. 

SUBJECT  OR  TITLE 

BYU 

226P 

Close-In  Effects  of  a  Subsurface  Nuclear 
Detonation  on  Small  Mammals  and  Selected 
Invertabrates 

UCLA 

228P 

Ecological  Effects 

LRL 

23  IF 

Rad-Chem  Analysis 

LRL 

232P 

Yield  Measurements 

EGG 

233P 

Timing  and  Firing 

WES 

234P 

Stability  of  Cratered  Slopes 

LRL 

235F 

Seismic  Velocity  Studies 

DOD  REPORTS 

AGENCY 

PNE  NO. 

SUBJECT  OR  TITLE 

USC-GS 

213P 

"Seismic  Effects  From  a  High  Yield  Nuclear 
Cratering  Experiment  in  Desert  Alluvium" 

NRDL 

229P 

"Some  Radiochemical  and  Physical  Measure¬ 
ments  of  Debris  from  an  Underground  Nuclear 
Explosion" 

NRDL 

230P 

Naval  Aerial  Photographic  Analysis 

ABBREVIATIONS  FOR  TECHNICAL  AGENCIES 


STL 

SC 

USC&GS 

LRL 

LRL-N 

Boeing 

USGS 

WES 

EGG 

BYU 

UCLA 

NRDL 

USPHS 

USWB 

USBM 

FAA 

REECO 


Space  Technology  Laboratories,  Inc.,  Redondo  Beach,  Calif. 

Sandia  Corporation,  Sandia  Base,  Albuquerque,  New  Mexico 

U.  S-  Coast  and  Geodetic  Survey,  San  Francisco,  California 

Lawrence  Radiation  Laboratory,  Livermore,  California 

Lawrence  Radiation  Laboratory,  Mercury,  Nevada 

The  Boeing  Company,  Aero-Space  Division,  Seattle  24,  Washington 

Geological  Survey,  Denver,  Colorado,  Menlo  Park,  Calif.,  and 
Vicksburg,  Mississippi 

USA  Corps  of  Engineers,  Waterways  Experiment  Station,  Jackson, 
Mississippi 

Edgerton,  Germeshausen,  and  Grier,  Inc.,  Las  Vegas,  Nevada, 

Santa  Barbara,  Calif.,  and  Boston,  Massachusetts 

Brigham  Young  University,  Provo,  Utah 

UCLA  School  of  Medicine,  Dept,  of  Biophysics  and  Nuclear  Medicine, 
Los  Angeles,  Calif. 

Naval  Radiological  Defense  Laboratory,  Hunters  Point,  Calif. 

U.  S.  Public  Health  Service,  Las  Vegas,  Nevada 

U-  S-  Weather  Bureau,  Las  Vegas,  Nevada 

U.  S.  Bureau  of  Mines,  Washington,  D.  C- 

Federal  Aviation  Agency,  Salt  Lake  City,  Utah 

Reynolds  Electrical  and  Engineering  Co.,  Las  Vegas,  Nevada 


SUPPLEMENTARY  DOD  DISTRIBUTION  FOR  PROJECT  SEDAN 


PNE  NO. 

DIST. 

.  CAT. 

PNE  NO. 

DIST. 

CAT. 

PNE  NO. 

DIST.  CAT 

200 

26, 

28 

214 

26 

226 

42 

201 

2, 

26 

215 

32 

228 

42 

202 

12 

216 

14 

229 

26,  22 

20  3 

28 

217 

14 

2  30 

100 

204 

32 

218 

12, 

14 

231 

22 

205 

2 

219 

14 

232 

4 

211 

12 

221 

14 

233 

2 

212 

92, 

100 

224 

42 

234 

14 

213 

12, 

14 

225 

26 

235 

14 

In  addition,  one  copy  of  reports  201,  202,  203,  211,  214,  215,  216,  217, 
218,  221,  225,  229,  230,  232,  234,  and  235  to  each  of  the  following: 


The  Rand  Corp  . 

1700  Main  St.  , 

Santa  Monica,  California 

Attn:  Mr.  H.  Brode 

U.  of  Illinois, 

Civil  Engineering  Hall 
Urbana,  Illinois 

Attn:  Dr.  N.  Newmark 

Stanford  Research  Institute 
Menlo  Park,  California 

Attn:  Dr.  Vaile  * 

E.  H.  Plesset  Associates 
1281  Westwood  Blvd.  , 

Los  Angeles  24,  California 

Attn:  Mr.  M.  Peter  < 


Mitre  Corp. 

Bedford,  Massachusetts 

General  American  Transportation  Corp. 
Mechanics  Research  Div. 

7501  N.  Natchez  Ave.  , 

Niles  48,  Illinois 

Attn:  Mr.  T.  Morrison;  Dr.  Schiffman 
Dr.  Whitman 

Massachusetts  Institute  of  Technology 
Cambridge,  Massachusetts 


